' · " ', LBL:_; l260 In general, the resolution that can be achieved by conventional beam foil spectroscopy is limited by the effects of cascading, spread in the beam velocity, beam divergence and uncertainty in the beam velocity.
We shall discuss a class of experiments which does not depend on these properties of the ion beams from low energy accelerators.
We believe that by proper choice of experimental conditions, extremely high precision can be achieved by the technique of beam foil spectroscopy. 
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The most remarkable property of beam foil spectroscopy (BFS), in our opinion, is that the excitation occurs at a well defined time (foil position) in the extremely short time of about 10-5 nsec. This property has been used over the past several years to measure mean-lives of excited states of atoms and ions. In the past three years, in collaboration with the beam-foil group at the University of Arizona, we started a program to observe other phenomena such as atomic and ionic alignment with the hope that methods may be found to yield measurements of improved resolution and precision. We believe that the first clue to the possibility of high resolution experiments was the observation that atoms and ions which are excited by the foil are aligned to a sufficiently high degree that experiments based on alignment can be performed 1 ).
Similar experiments were carried out, in the case of beam-gas collisions by
Ray Hughes 2 ) and a group under Dufay in Lyon 3 ). A theory was developed by
4 Van den Bos for the proton-hydrogen collision. In the case of the electron capture process by protons of high velocity from the hydrogen atom, the theory predicts that the cross section for capture leading to states of lower magnetic quantum number is larger than for capture to higher quantum number states. Here, the axis of quantization is along the beam direction. In other words, the theory predicts that the excited states formed by the electron capture 'process are aligned along the beam direction for high velocity ions. The experimental results of several investigators have shown that the gross features of the experimental observations agree with the theory. Although the excitation process involved in the case of atoms apd ions passing through a foil is much more complicated than beam-gas collisions, the atoms and ions are aligned in a manner very The expression for RF resonance can be obtained by a similar calculation.
The result of the calculation is similar to that for level crossing, again with undulations in the resonance curve.
-8- Figure 2 shows the experimental arrangement and fig. 7 shows typical 12 experimental results on quantum beats • The polarization ratio TI = (Ill -Il)/(III + Il) is approximately 5 to 10% at energies of 20 keV to 70 keV, with alignment increasing with energy. In the case of beam gas collision, the alignment was observed by the Hanle effect 13 ) (see fig. 8 ). In this case, the alignment was 22% which represents complete alignment after taking the hyperfine interaction into account.
After a few experiments on other atoms by the Arizona group, we came to the conclusion that the alignment that takes place by BFS approximately satisfies the proton-hydrogen collision theory, i.e., the cross section for charge capture in mt = 0 state is larger than for mt > 0. We have, for the time being, abandoned the experimental study to determine the mechanism for alignment and instead have begun a program to achieve high resolution. The
technique we are currently using is level-crossing since we have not yet constructed an RF field system for resonance work.
We shall compare BFS results with extreme high precision work done by electron impact excitation at LBL by Dr. Edmond Geneux when he visited our laboratory. His results are shown in fig. 9 . Figure 10 shows the experimental arrangement for delayed detection of level crossings in 4
He and in fig. 11 we give the results of the first successful experiments. The line widths are still greater than the natural width, but will decrease with increasing integration. Note the undulations as predicted by the theory.
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Conclusion
We believe that our experimental observations of time delayed level crossing on 4 He show conclusively the powerful feature of BFS for high precision measurements. In addition to the narrow signal width, an additional advantage of BFS is that the experiment is carried out in a vacuum so that the collision effect from the surrounding atoms that usually takes place in conventional rf spectroscopy is absent, and high field stark effect experiments can also be achieved without the problem of electrical breakdown of gas. .:~658.55 (1) t 8. .. 
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